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WHAT GROUP in our population is most threatened by 
radiation? 

The answer to this question is a paradox: for it is 
those who do not exist who suffer most from radiation 
damage. Young individuals who are rapidly growing and 
developing are more susceptible to radiation effects than 
are mature people, and this is true right back to the very 
beginning of life. It is the unborn, and even the uncon- 
ceived, who are likely to suffer most. 

If we are to understand fully what radiation does to 
the unborn, we have to investigate a number of complex 
questions. One question concerns the effects that radia- 
tion has on the material that carries our inheritance. 
Another involves the possibility of demonstrating that 
radiation does indeed cause the kinds of defects that are 
present in some infants at birth. In this issue of Nuclear 
Information, these problems are dealt with by two promi- 


MANY different types of abnormalities are found in child- 
ren at birth. Some of these are due entirely to environmen- 
tal factors, such as the diet and health of the mother, and 
the nature of delivery. Other malformations are dependent 
on the heredity of the parents. In some of these cases, 
heredity plays a minor role, so that many defects arise 
without any apparent connection with ancestry; in other 
cases, heredity plays the key role, so that almost all of 
the anomalies that appear do so for hereditary reasons. 
Still other birth defects result from all possible inter- 
mediate roles of heredity and environment. 

Several studies have shown a striking positive cor- 
relation between the number of birth defects and the 
amount of exposure to natural radiation. Is this due 
principally to radiation acting as an environmental agent 
upon mother or developing child, or both, generally in- 
creasing the incidence of birth defects due to environ- 
ment? Or is it due to radiation’s effect on the hereditary 
material (the genes, and the chromosomes in which they 
reside) in the developing child? Or does radiation act 
both ways? 

We shall here restrict our attention to how radiation 
might produce birth defects via genetic changes. The 
genetic change causing a child to be born defective might 
have been produced by radiation of a remote ancestor, of 
the parents, or of the child itself. Let us first describe 
the hereditary material; then see what kinds of hereditary 
changes produce the birth defects; and finally, discuss 
some of the ways in which it may be fruitful to study the 
genetic effect of radiation in human beings. 

At conception, the hereditary material consists of 
twenty-three different pairs of chromosomes, each parent 
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nent St. Louis biologists. 

In the first article, Prof. I. H. Herskowitz discusses 
the kinds of visible abnormalities that arise in the gene- 
tic apparatus of human beings. Since similar abnormal- 
ities occur in laboratory animals, in which they can be 
induced by radiation, Prof. Herskowitz is able to estimate 
that perhaps one conception in ten is doomed to defective 
existence or early death (often before birth). A consider 
able portionof these might be due to radiation damage to 
the genetic apparatus received from the father or mother. 

In the second article, Dr. H. T. Blumenthal reviews 
two recent investigations dealing with the relation be- 
tween environmental radioactivity (mostly from rocks) 
and birth defects. These two studies certainly suggest 
that above a certain radiation level there is a clear in- 
crease in the percentage of infants who die from defects 
that developed before birth, F.M 


by I. H. Herskowitz 
having contributed one set of twenty-three. Under the 
microscope, the members of each pair appear alike in 
twenty-two of the pairs. Geneticists have numbered each 
type according to size and appearance from 1, the largest, 
to 22, the smallest. In the female, the members of the 
twenty-third pair look the same, and are called the XX 
pair (the sex chromosomes), while in the male, one 
member of this pair looks different, and is called the Y 
chromosome. Thus the sex chromosomes of the male are 


XY. 
HUMAN CHROMOSOMES 
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20 2 22 x 
Idiogram of Human Chromosomes. 


Extensive research on animals has revealed that a 
great many abnormalities may appear in the hereditary 
material, and, in the past few years, it has also been 
shown that all the known kinds of abnormalities appear 
in man as well.* 


Gain and Loss of Chromosomes 
One type of mutation involves the addition of a whole 
set of chromosomes. For example, a defective boy was 
found carrying not two, but three sets of twenty-three 
*Articles dealing with these can be found in the medical journal, “The 
Lancet,” beginning 1958, 
(continued on page 2) 
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chromosomes in each cell of his body. His sex chromo- 
somes are XXY. 

Another type involves. the gain or loss of one or 
several whole chromosomes of a set. So, for example, 
gain of a sex chromosome (making a total of forty-seven) 
produces “superfemales” (XXX), and “Klinefelter’s 
males” (XXY), both defective. Loss of a sex chromosome 
produces either X0({“Turner’s females”), or YO (believed 
to be lethal before birth), defectives. Individuals with 
Turner and Klinefelter defects are usually sterile, and 
otherwise abnormal in sexual development. 

Other defectives are known who have, in addition to 
the usual twenty-two pairs, sex chromosome constitu- 
tions of XXXX, XXXY, or XXYY. 

Complete loss of one of the non-sex chromosomes 
(which would produce an individual with forty-five other- 
wise normal chromosomes) has not yet been found, 
probably because this condition is lethal before birth. 
However, individuals with an extra non-sex chromosome 
may survive and show various defects at birth. Thus, an 
extra number 22 chromosome produces the “Sturge-Weber 
syndrome”, and an extra number 21 chromosome produces 
the severe mental and physical deficiency of Mongolian 
idiocy. Other individuals have been identified who have 
one extra chromosome of type 19, 17, 15, 11, 8 and pos- 
sibly 6. Each type of chromosome can produce a unique 
syndrome of ill effects when an extra one is present. 


Changes in Parts of Chromosomes 

The third class of mutation involves gains, losses, or 
shifts of parts of chromosomes subsequent to their break- 
age. Thus for example, the middle section produced when 
two breaks occur in the X chromosome, may be lost, re- 
sulting in a deficient X chromosome. This has been found 
in man. Or each of two different chromosomes may be 
broken once, with a fragment of one joining onto a piece 
of the other, Thus one or two new composite chromosomes 
are formed. New human chromosomes formed in this way 
are known which are composed partly of 14 and 21, or 15 
and 21, or 22 and 13. Sometimes a person carries a chro- 
mosome complement of the normal number of twenty-three 
pairs, except that one of the number 15 chromosomes has 
been replaced by a composite 15-21 chromosome contain- 
ing most of 21. Since this is roughly equal to the pre- 
sence of three 21’s, such individuals are Mongolian 
idiots, as would be expected. 


Point Mutants 

Finally, there are mutations that involve only a sub- 
microscopic point in the chromosome. Such point mutants 
are also known to produce congenital defects in man. 
There is good reason to believe that these point mutants 
are the type most important to mankind in the long run. 
They usually produce relatively small detrimental ef- 
fects, but since such small defects may also be produced 
by environmental variation, it is difficult to specify in 
practice which of these effects are due to environment 
entirely; which are due to point mutants received from 
previous generations; and which have just arisen by new 
mutation. There is however, a relatively small group of 
point mutants which produce drastic effects not known to 
be copied by environmental means. While such point 
mutants are easily detected, they are individually rare in 
occurrence, and would still be rare even if the' mutation 
rate was raised considerably. 


In the opinion of the writer, the clearest, most un- 


equivocal evidence for newly arisen mutations will come 
from the study of gross chromosomal changes, not of 
point mutations, since each case of the former can be 
positively identified under the miscroscope. 


How Whole Chromosome Changes Occur 

Consider how changes in single whole chromosomes 
may be produced. Normally, in the process of cell divi- 
sion, each of the forty-six chromosomes reproduces 
itself, and the sister chromosomes separate so that each 
of the two daughter cells contain the identical comple- 
ment of forty-six chromosomes. On occasion, however, 
the sister chromosomes may fail to separate properly; 
one may be lost because it fails to be included with the 
other forty-five chromosomes. In this case, one daughter 
cell will have the normal forty-six chromosomes, while 
the other will have only forty-five. The cell with only 
forty-five chromosomes has only one member of the 
pair. Or, by an occasional error, both sister chromosomes 
may be included in the same nucleus. So, this nucleus 
will contain forty-seven chromosomes, having three mem- 
bers of one kind of chromosome, while the other daughter 
cell will have only one representative of that chromo- 
some. Thus, improper separation of chromosomes can 
lead to the absence of one chromosome, or the presence 
of an extra one. An entire chromosome may also be lost 
if it is broken. 


Frequency of Spontaneous Mutation 

While any given point mutant normally arises in less 
than .004% of human individuals, presence of an extra 
chromosome is found at a rate fifty times as great. Most 
of this is due to the occurrence of mutation in the sex 
cells of the parents, and is not due to mutants carried 
over from earlier generations. Since there are twenty- 
three pairs of chromosomes which can have a third 
member, the total percentage of triples could be as high 
as 4.6% at conception. There is good evidence, moreover, 
that most extra chromosome mutations occur in the sex 
cells of the mother. In fruit flies, chromosome loss is at 
least four times as frequent as chromosome gain. Apply- 
ing this information directly to man gives an approximate 
total rate of chromosome loss of about 18% of all con- 
ceptions. 

Without going into the details of the procedure here, 
it is possible to calculate from our knowledge of the 
spontaneous mutation rates in man and fruit fly, and of 
the effect of radiation on the mutation rate in the fly, 
that perhaps as much as 50% of cases of chromosome 
loss or duplication in man could be the result of natural 
radiation. 


Proposed Research 

Since no cases of chromosome loss except X 0 have 
been found at birth, it is thought that such losses cause 
abortion. The evidenee indicates that about 15% of 
conceptions are lost from this cause. It is possible that 
suitable medical programs could be instituted to examine 
aborted individuals chromosomally to test the role of 
radiation exposure in their production. 

Two kinds of programs could be instituted to study 
chromosome additions. One would involve the study of 
the frequency of congenital defects known to be due to 
an extra chromosome. However, since different individ- 
uals having the same chromosome in extra dose show 
different degrees of defect, it is possible that a con- 
siderable number may appear normal and might escape 
detection if only malformed people are studied. 

(continued on page 4) 


ENVIRONMENTAL RADIATION AND BIRTH DEFECTS 


THE POSSIBILITY that bone cancer and leukemia will 
become more common as a result of radiation from fallout 
and other causes has been a matter of concern for sever- 
al years. More recently, it has begun to appear that 
radiation in the environment may also influence the 
number of infants who are defective at birth. We call 
defects like club foot, cleft palate, improperly formed 
digestive tracts, and many others, “congenital” because 
they are present when the infant is born. 

A previous issue of Nuclear Information! 
reviewed the findings of Dr. John T. Gentry and two 
colleagues, who showed that in New York State, congen- 
ital malformations are much more frequent among infants 
born in regions where there is high radiation from radio- 
active rocks than among those born in low-radiation 
regions. The Gentry study? suggested that the problem 
was greatly in need of further investigation. 


Another Study 

Results of a study of deaths caused by congenital 
malformations in the entire U. S. during the period 1952- 
1956 have now been reported by Kratchman and’ Grahn 
of the AEC.* Utilizing vital statistics from all over the 


Percentage of deaths due to congenital malformations in the 
United States, 1952 — 1956 


country,’ these investigators recorded their findings by 
state and county, and grouped the results according to 
geologic areas. The findings suggest that deaths from 
congenital malformations are most common in those areas 
of the U.S. that contain major uranium deposits or have 
uranium-containing water or high concentrations of helium. 
(Helium is a sign of previous radioactivity.) This is in- 


by H. T. Blumenthal 
dicated by comparison of the accompanying maps which 
show the distribution of uranium and helium deposits, and 
the relative incidence of congenital defects in the U.S. 
The inference is that areas with probably more than the 
average level of environmental radiation also have more 
than the average proportion of serious birth defects. The 
authors of this report conclude that the results, although 
not proving that radiation in the environment causes 
congenital malformations, are sufficiently provocative to 
warrant further study. 


Analysis of a Group of American Counties 

In this connection, another study by Solon and several 
co-workers is useful.> Solon’s group has made direct 
measurements of radioactivity in 38 American cities. 
Using these data, the cities (and the counties in which 
they are located) can be classified into three groups 
according to the average annual radiation level: Group I, 
counties with radiation levels of 123-197 mrad (mean 
annual dose); Group II, 100-114 mrad; and Group III, 
83-99 mrad. From the same U.S. vital statistics’ used by 
Kratchman and Grahn, death rates from congenital mal- 
formations can be obtained for each county. The table 
shows these rates for 1949, before fallout became a fac- 
tor, and for 1957, by which time it had created an appre- 
ciable addition to environmental radioactivity. 


ANALYSIS OF SIGNIFICANCE OF BASIC DATA 


Environmental Mortality incidence from Average increase in 

radiation level congenital malformation mortality incidence 
1949 1957 1949. 1957 

Group | (123-197 mrad) 1.7 y & 0.4 

Group II (100-114 mrad) Tea 1.4 0.2 

Group III (83-99 mrad) le 1.6 0.4 


The counties in Group I show a higher average per- 
centage of deaths due to congenital malformation than 
the other two groups. The death rates in Groups II and 
III are almost identical. The difference between Group I 
and the other two borders on being meaningful rather than 
just an accident of statistics. This is true as regards 
the data for 1949 as well as those for 1957. It is note- 
worthy that in 1949 all of the counties with a mortality 
incidence from congenital malformations of 2 percent or 
higher were in Group I. These counties amounted to 33 
percent of that group. In 1957, 50 percent of the counties 
in Group I showed a mortality incidence of 2 percent or 
over from such malformations, as compared with 7 per- 
cent of the counties in Group II, and 17 percent of those 


in Group III. (continued on page 4) 


NUCLEAR INFORMATION is published nine times 
a year by the Greater St. Louis Citizens’ Committee 
for Nuclear Information, 6504 Delmar Blvd., St. Louis 
30, Missouri; PA 7-2646, 


Editor: Florence Moog 


Associate Editor: Phyllis McPheeters 


Scientific Advisory Board: Howard Blossom, H.T. 
Blumenthal, M.D., Barry Commoner, Paul A. Doudna, 
John M. Fowler, Irwin H. Herskowitz, Gordon Lark, 
Norman E. Melechen, Florence Moog, John N. Ong, 
Jr., T. A. Pond, Eric Reiss, M. D., J. Be Reynolds, 
William W. Sleator, Jr., M.D. 


Subscription rates: 
Individual: $2 per yeat 
Organization (6 copies each issue): $5 per year. 


J, 
& 
* 
ci 
a 
BB - 10 
Distribution of uranium reserves of the U.S., by counties ee 


(Continued from page 3) 


Mortality Incidence Higher in 1957 than in 1949 

Also noteworthy is the observation that in correspond- 
ing groups, the average percentage of deaths due to 
congenital birth defects was higher in 1957, when fallout 
had contributed additional radiation, than in 1949, In 
Group I, seven of the eight counties showed such a1 
increase in incidence; in Group II, eleven of the fifteen: 
and in Group III, ten of the twelve. Altogether twenty- 
eight of the thirty-five counties* (80 percent) showed a 
higher mortality incidence from congenital malformations 
in 1957 than in 1949, 
Results Strongly Suggestive 

Although this analysis, like that of Kratchman and 
Grahn, does not show conclusively that the incidence of 
congenital malformations is related to environmental 
radiation, it strongly suggests that above a certain mean 
annual environmental radiation dose, there may be a 
detectable increase in the percentage of deaths due to 
congenital defects. Furthermore, the evidence strongly 


*1957 data not available for three Massachusetts counties because 


they no longer break them down by county. 
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A better program would be to perform chromosomal 
counts of all babies at birth from random samples of 
mothers who differ in their pre-conception exposure to 
natural or man-made radiation. 

In the writer’s opinion, such studies would soon yield 
conclusive evidence relative to the capacity of radiation 
to produce mutations that cause birth defects. 
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suggests that there has been an increase in the death 
rate from congenital defects during the period of increas- 
ing environmental radiation due to fallout. 


Some Difficulties 

Further analysis of findings of this type is difficult 
because many factors may enter into any evaluation of 
causes of congenital malformations. Kratchman and 
Grahn have pointed out that a number of corrections of a 
statistical nature are needed to account for differences 
in maternal age, birth rate, death rate, and reporting 
accuracy and completeness among different groups. 

It might prove worthwhile if one could utilize the 
information on mean annual radiation dose for a similar 
study of incidence of bone cancer and leukemia. Unfor- 
tunately, U.S. vital statistics do not report these dis- 
eases in independent categories. 


Further Investigation Indicated 

Radiation may cause congenital malformation in dif- 
ferent ways. On one hand, birth defects may result from 
an increased number of mutations which occurred in the 
parental or an even earlier generation. This could be 
the mechanism in geologic areas with a relatively high 
mean annual level of radioactivity. On the other hand, 
birth defects may also be the result of a direct effect of 
radioactivity on egg, embryo, or fetus; this would appear 
“to be a likely mechanism if there should indeed prove to 
be an increase in such malformations as a result of 
fallout. One must consider these data and those of 
Kratchman and Grahn, as well as those of Gentry et al,as 
sufficiently suggestive to demand more detailed inves- 
tigation. 
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